Six abomasally-cannulated wethers (average initial weight 18 kg) were used in a split 3 • 3 Latin square design experiment with a crossover to determine effects of glucose (G) administered orally (O) or infused (I) into the abomasum on nitrogen metabolism and forage fiber digestion. Basal diets were Coastal bermudagrass (CBG) or CBG treated with 1% formaldehyde
Introduction
Efficient utilization of protein by ruminants depends upon limiting degradation of high quality protein by the rumen microorganisms and on the presence of an adequate supply of energy for incorporation of absorbed amino acids into tissue protein. Formaldehyde treatment of forages is effective in decreasing microbial degradation of forage protein (Amos et al., 1976; Dinius et al., 1975; Barry, 1973) . However, increasing the quantity of protein bypassing rumen degradation has not always resulted in improved animal performance (Amos et al,, 1976; Dinius et al., 1975) . Two important reasons for failure to increase performance are overprotection of the protein by aldehyde treatment and insufficient metabolizable energy for protein synthesis.
Objectives of this study were to examine the effects of formaldehyde treatment of Coastal bermudagrass on nitrogen metabolism and to determine the effects of feeding or infusing glucose abomasally into animals fed diets of Coastal bermudagrass on nitrogen balance, plasma amino acids and efficiency of utilization of digestible energy for nitrogen balance.
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Experimental Procedures
Six grow!ng wethers (average initial weight 18 kg) were fitted with abomasal cannulas (Driedger et al., 1970) and used in a split 3 • 3 Latin square experiment with a crossover designed to assess effects of glucose on nitrogen metabolism and forage fiber digestion. The wethers were fed basal diets of either Coastal bermudagrass hay (Coastal, hay, S-C, immature, IRN 1-00-713, [CBG] (1976) . The wethers consumed an average of 783 g diet/animal/day (dry matter basis) over the six periods of the trial. In addition, two wethers in each treatment received 200 g glucose 4 daily either by oral feeding (O) or by abomasal infusion (I). Abomasal infusates were prepared daily by dissolving 200 g glucose in 800 ml 35 C autoclaved water. The glucose solution was infused continuously (33.3 ml/hr) throughout each 24-hr period. The glucose solution was infused into the abomasum by a Technicon 3 autoanalyzer pump fitted with 1.02 mm tubing. During each period of the trial, wethers not infused with glucose were sham infused with 800 ml deionized water. At the end of each 24-hr period, any glucose solution remaining in the infusion reservoirs (usually 5 ml or less) was infused into the abomasum with a syringe. Wethers that were fed glucose (G) received 100 g with each feeding of the pelleted diet. Thus, the six individual treatments were: (1) CBG, (2) CBG + G(O), (3) CBG + G infused (I), (4) F-CBG, (5) F-CBG + G(O) and (6) F-CBG + G(I). The wethers were divided into three pairs of two animals each, adapted to glucose feeding and assigned to individual treatments. A 14-day preliminary period at the beginning of the trial and after every other collection period was used to adapt the wethers to the oral glucose treatment. During the first 7 days of the preliminary period, animals were individually penned and given their respective dietary treatments; after 7 days, they were placed in metabolism crates, and the glucose infusions were started. Glucose infusion was increased by 50 g a day for the first 4 days that the wethers were in the crates. Oral feeding of glucose was increased by 30 g daily for 6 days and by 20 g on the seventh day.
Feces and urine were collected for 5 days in each period. Ten percent of the feces and urine was taken daily and stored at 4 C. After the first collection period, the CBG and F-CBG diets within pairs were reversed, and a 7-day diet adjustment was used. Following this 7-day adjustment, feces and urine were collected for 5 4d-(+)-Dextrose, anhydrous (D-glucose). ICN Nutritional Biochemicals, Cleveland, OH.
s Pierce Chemical Co., Rockford, IL 61105. days. The wethers were then removed from the crates and the next pair was adapted to the G(O) treatment as described previously. Jugular blood samples were taken 0, 2 and 4 hr after the morning feeding on the fifth day of each collection period. Aliquots of urine were analyzed for nitrogen (AOAC, 1970) and glucose (Pierce, Glucose auto/stat) s. Feces were dried for 48 hr at 60 C, and dried feces and portions of the diet taken at each feeding were ground in a Wiley mill through a 2-mm screen. Portions of diets and feces were analyzed for nitrogen (AOAC, 1970) , neutral detergent fiber (NDF) (Van Soest and Wine, 1967) , hemicellulose (Barton, 1974) and true cellulose (Sullivan, 1964) . Gross energy of feed and feces was determined with an adiabatic bomb calorimeter (AOAC, 1970) .
Aliquots (5 ml) of plasma from each sampling time were pooled and deproteinized with 5% sulfosalicylic acid. Deproteinized plasma was centrifuged (27,000 • g) for 30 rain, filtered through a Millipore filter (.45 /~m) and frozen until analyzed for amino acids (Ely et al., 1969) and glucose as described previously.
Data were treated by analysis of variance for treatment differences; differences among means were separated by orthogonal comparisons (Steel and Torrie, 1960) . The five orthogonal contrasts were: (1) CBG vs F-CBG, (2) G vs no glucose, (3) G(O) vs G(I), (4) CGB + G vs F-CBG + G and (5) interaction (glucose • formaldehyde • glucose administration method).
Results
Average daily nitrogen intake was 15.21 g for wethers fed the CBG diet and 15.28 g for those fed the F-CBG diet (table 1). Fecal nitrogen was increased (P<.O05) by glucose, and urinary nitrogen was decreased by glucose and formaldehyde treatment of the CBG (P<.005). This decrease in urinary nitrogen resulted in an increase in nitrogen retained (grams per day) and percentage dietary and digested nitrogen retained (P<.O05). Wethers fed F-CBG retained 1.37 g more nitrogen per day than did those fed CBG. Wethers receiving CBG plus glucose retained an average of 1.16 g more nitrogen per day than those fed CBG alone, and those receiving F-CBG plus glucose retained .95 g more nitrogen than those receiving F-CBG. F-CBG + G(I) resulted in a 2.58-g increase in nitrogen retention over that observed for CBG alone (6.25 vs 3.67 g day ). However, nitrogen Nitrogen balance data were supported by changes in concentrations of total and individual amino acids in blood plasma (table 2) . Concentration of total essential amino acids was decreased (P<.005) by administration of glucose. Formaldehyde treatment increased (P< .005) blood plasma concentrations of valine, isoleucine, leucine and phenylalanine (P<.005) and decreased lysine concentration (P<.05), but had no effect on concentrations of methionine, histidine, arginine and threonine (P>.05). Concentrations of all of these amino acids, except histidine and methionine, were reduced by addition of glucose to the two diets. Of the nonessential amino acids, only glycine was increased (P<.O05) and alanine decreased (P< .005) by addition of glucose. Total nonessential amino acid concentration was increased by glucose (P<.O05); however, concentration of total amino acids was not affected by glucose (P>. 10) but was reduced by formaldehyde (P<.05).
Plasma glucose concentration was not affected by treatment (P>.05). Individual treatment values were 55.6, 52.6, 58.5, 60.5, 58.7 and 58.6 mg/100 ml plasma (standard error of mean of 4.1 rag/100 ml) for CBG, CBG + G(O), CBG + G(I), F-CBG, F-CBG + G(O) and F-CBG + G(I), respectively. Urinary glucose concentration was also unaffected by treatment (P>.05).
Treating CBG with formaldehyde had no effect on percentage dry matter, cellulose or hemicellulose digested (table 3) . Addition of glucose increased total dry matter digested (P<.O05) but decreased cellulose and hemicellulose digestion (P<.005). That this decrease in cellulose and hemicellulose digestion occurred primarily in the rumen is indicated by the lower (P<.O05) digestibility associated with oral feeding than with abomasal infusion of glucose. (1976) estimated that the quantity of protein digested and absorbed in wethers fed a CBG diet treated with 1% formaldehyde was 1.4 times that in wethers fed an untreated CBG diet. The increase in nitrogen retained and decrease in urinary nitrogen in wethers fed the F-CBG diet in the present study indicate that wethers fed the CBG diet were deficient in metabolizable amino acids for protein synthesis. These results for the formaldehyde treatment are contrary to those from two previous studies (Amos et al., 1976; Moore, 1978) , in which no increases (P>.10) in nitrogen retention were obtained with formaldehyde treatment, and may indicate differences in amino acid requirements of the animals used in the three studies. Wethers used in the present study were younger than those in the other two studies, and they were Suffolks, whereas those in the previous studies were Rambouillet.
Nitrogen balance and plasma amino acid concentrations were closely related in the present study. Wethers fed F-CBG had somewhat lower overall concentrations of total amino acids and retained more nitrogen than wethers fed CBG. These data may indicate that formaldehyde treatment increased the quantity of amino acids and also resulted in a more balanced supply of amino acids being available for synthesis of tissue protein. Addition of glucose to the CBG and F-CBG diets increased nitrogen balance and decreased concentration of all individual essential amino acids except histidine and methionine. These changes in nitrogen metabolism may have been the result of changes in levels of insulin and glucagon in wethers receiving glucose. Insulin secretion is highly dependent upon plasma glucose levels (Bassett et al., 1971; Tao and Asplund, 1975) . Characteristic effects of insulin are stimulation of uptake and utilization of glucose by peripheral tissues, inhibition of gluconeogenesis and glucose release by the liver and stimulation of uptake and incorporation of amino acids into protein (Bassett, 1975) . On the other hand, release of glucagon is usually dependent upon a low concentration of plasma glucose (Bassett, 1975) . Characteristic effects of glucagon are increased hepatic glucose output, stimulation of hepatic uptake of amino acids and protein catabolism within the liver to maintain the supply of glucose precursors (Park and Exton, 1972) . Thus, increasing plasma glucose (either by infusion or after-rumen fermentation to propionate and subsequent propionate conversion to glucose after absorption) could be expected to spare absorbed amino acids for gluconeogenesis (lack of glucagon effect) and to increase insulin release for amino acid transport into peripheral tissues. These combined effects would increase amino acid utilization and nitrogen balance and decrease urinary nitrogen. Potter et al, (1968) reported that infusion of glucose into the bloodstream decreased plasma amino acid concentrations. Similar responses were noted by Call et al. (1972) in sheep injected with insulin. In addition, the increased total energy (DE) available in the treatments containing glucose (table 4) would also supply additional energy for synthesis of tissue protein.
The increase in fecal nitrogen (table 1) that occurred after glucose addition in this study was expected and probably resulted from increased endogenous protein secretions or undigested microbial protein synthesized in the cecum. Hamilton (1941) reported that the addition of 20 to 30% glucose to a diet of corn, timothy hay and cottonseed meal fed to sheep increased fecal nitrogen output by increasing endogenous nitrogen excretion. More recent (Thornton et al., 1970; Orskov et al., 1970) also indicates that infusing glucose into the terminal ileum or starch into the cecum results in increased fecal nitrogen excretion. Thornton et al. (1970) reported that these increases were related to endogenous urea transfer into the cecum and subsequent microbial protein excretion. Dry matter (DM) digested was increased (table 3) ). These decreases in DM digestion were also reflected in decreased cellulose and hemicellulose digestibility and were expected on the basis of results of previous research. Cellulose digestion was depressed when readily available carbohydrates (a 1:1 mixture of glucose and starch) replaced 33.3% of the cellulose in a purified diet (Chappell and Fontenot, 1968) . Similar decreases in cellulose digestion were reported by Lofgreen and Otagaki (1960) with molasses fed as 25% of the diet and by Martin and Wing (1966) with molasses levels of 6 to 8% of the diet. However, when low levels of readily available carbohydrates were added to in vitro rumen fermentations (Arias et al. 1951; Belasco, 1956) , cellulose digestion was increased. In vivo cellulose digestion was also increased with 8% readily available carbohydrates (Chappell and Fontenot, 968), and Burroughs et al. (1950) suggested that an easily fermented carbohydrate intake of 5 to 10% of the diet would stimulate cellulose digestion. The present study was designed to give the lambs approximately 20% available carbohydrate (oral or infused) in an attempt to provide metabolizable energy at the level needed for utilization of protein available, even though the possibility existed that DM, cellulose and hemicellulose digestion would be depressed.
The DP:DE ratios (table 4) for CBG and F-CBG were similar even though nitrogen balance was greater for F-CBG. Preston (1966) calculated that a DP:DE ratio of 20:1 to 22:1 was ideal for efficient nitrogen utilization. NRC (1975.) recommendations would be somewhat higher (36 g DP:Mcal DE) for the 18-kg lambs used in this study.
The DP values in 
